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(54) LIQUID CRYSTAL DISPLAY DEVICE 
(57)Abstract 

PURPOSE: To minimize the difference in the transmittance of light by a 
difference in colors and to prevent coloring at the time of a black display 
by forming >2 kinds of parts which vary in gap thickness in one display 
picture element of a liquid crystal cell, 

CONSTITUTION; Polarizing plates 1, glass substrates 2. transparent 
electrodes 4, a protective film 7, oriented films 5, color filters red 31, 
green 32, blue 33 are disposed and a nematic type liquid crystal is 
injected into the space therebetween. The protective film 7 is formed 
with steps. The one display picture element is divided to the parts of the 
two gap thioknessos; d1 and d2. If the ratio of the area of the part of the 
large gap thickness to one picture element is designated as a, the a is 
changed by each color to aR with the picture element of the color filter 
red. aG with the green picture element and aB to the blue picture 
element to the relation a R>aG>aB. The gap thicknesses are provided by 
>2 kinds and the ratio of the area of the parts where the gap thickness 
varies to the area over the entire part of the picture element is adjusted 
by each color of the picture elements to minimize the difference in the 
transmittance per color of the picture elements, by which the coloring at 
the time of the black display is suppressed. 
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[MEANS TO SOLVE THE PROBLEMS] 

The foregoing object can be achieved by forming at 
least two kinds of parts which vary in gap thickness in 
one display pixel of the liquid crystal area. Further, the 
following will explain the present invention in detail. 

(1) A liquid crystal element comprises liquid crystal 
cells each of which has a display pixel whose liquid 
crystal area is broken into at least two portions varying in 
gap thickness, areas of the two portions being determined 
with a ratio which varies depending on a color of the 
display pixel. 

(2) In cases where the liquid crystal cells have 
display pixels of three primary colors: Red, Green and 
Blue, the liquid crystal area is broken into two portions 
different in gap thickness, and the difference of gap 
thickness between the respective portions are specified in 
each color to satisfy Red>Green>Blue. 

Further, in the present invention, the gap thickness 
refers to a length of a portion of liquid crystal where the 
light is transmitted. However, in the case of having a 
spacer for fixing the thickness of the liquid crystal, the 
length includes the light transmission area of the spacer. 
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Further, the area of the portion with a gap thickness 
refers to a certain area in one display pixel where the 
light is transmitted through a protection film to be 
actually displayed, after the light is transmitted through a 
liquid crystal having a specific gap thickness or having a 
spacer. 
[EFFECT] 

The transmittance T of liquid crystal is denoted by 
the following formula. 
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2And 

X = 

X 

...(2) 

Where An expresses reflectivity aeolotropy of liquid 
crystal, d expresses gap thickness of a liquid crystal cell, 
and y expresses wavelength of transmission light. 

Since An seldom depends on wavelength, the 
transmittance T only depends on the values of y and d. 
Here, when a display pixel has plural gap thicknesses (n 
kinds of gap thickness), which are expressed by di (i=l, n), 
and that the ratio of each thickness to the whole area of 
the pixel is expressed by a; (i=l, n), the average 
transmittance of a pixel may be found by the following 
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formula. 
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In the foregoing formula, T changes depending on the 
value of y; however, it is possible to obtain the optimal 
transmittance by selecting an appropriate pair of at. 
[EMBODIMENT] 

One embodiment of the present invention is 
described below with reference to Figures 1 and 2. 

Figure 1 shows a liquid crystal display element of a 
twisted-nematic liquid crystal color display device. The 
liquid crystal display element is made up of a polarizing 
plate 1, a glass substrate 2, a transparent electrode 4, a 
protection film 7, an alignment film 5, and color filters 
31(R), 32(G) and 33(B), which are placed as in Figure 1. 
With this structure, nematic liquid crystal is injected 
between these members. The protection film includes 
portions different in levels, and each display pixel of the 
liquid crystal element is broken into two portions Di and 
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Da which differ in gap thickness. When the ratio of the 
area having a larger gap thickness to the whole area of 
one pixel is expressed by a, the areas of the respective 
colors, which are denoted by clr for Red, <zg for green and 
<xb for blue, are varied to satisfy <xr > ao > as. Each 
polarizing plate is placed with the same polarizing 
direction, and the alignment film 5 creates an angle of 
90°C or larger between the upper layer and the layer. 

The transmittancc becomes maximum when a voltage 
is applied to the transparent electrodes, and becomes 
minimum when the voltage application is stopped. 
However, as shown in the formulas (1) and (2), the 
transmittance depends on wavelength. Figure 2 shows 
the relation between the transmittance T and And (An 
expresses reflectivity aeolotropy of liquid crystal and d 
expresses gap thickness of a liquid crystal cell). With 
reference to the figure, it is revealed that the value of And 
at T*=0 changes with a change of y- Since An is a 
constant, the transmittance T of light having a 
wavelengthy depends on the gap thickness d. Here, Table 
1 shows transmittance of each wavelength where the gap 
thickness is unified. 
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